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THE FUNGOUS ROOT-TUBERCLES OF CEANOTHUS 

AMERICANUS, ELAEAGNUS ARGENTEA, AND 

MYRICA CERIFERA.* 

BY E. G. ARZBERGER. 
INTRODUCTION. 

Although considerable work has been done by several in- 
vestigators on the peculiar root-tubercles found on the alder 
and some other plants, no satisfactory account of their 
nature, origin, and function has yet been fully set forth. 
Especially the question of their relation to the so-called my- 
corrhiza remains to some extent unsolved. The following 
studies were undertaken with the hope of getting fuller in- 
formation regarding the gross structure/ physiology and 
cytology of the forms which occur on the roots of Ceanothus, 
Elaeagnus and Myrica, 

HISTORICAL. 

A brief resume of the leading views concerning the root 
tubercles, from a historical standpoint, is interesting from 
the fact that, for more than three decades, these structures 
on the alder were described by various investigators, none of 
whom proceeded far enough to determine the true nature of 
the tubercles and the fungus which causes them. 

Meyen, (23) in 1829, gives the first description of the 
tubercles on the alder and considers them as "pseudomor- 
phosed roots," in tjie ends of which there is a parasitic 
growth comparable to that of Lathraea, Rafflesia and Balano- 
phora, though of a more primitive nature and in many re- 
spects resembling growths of a parasitic origin, found in an 
animal body. He claimed that the tubercles are formed 
when the alders grow near flowing water and in shady 
places. 

* A thesis submitted to the Faculty of Washington University in 
candidacy for the degree of Master of Arts, June, 1910. 

(60) 
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Schacht (32-37) in each of his six productions on plant 
anatomy and physiology, refers to the tubercles found on 
the alder. He sets forth their morphology with description 
and illustrations, and at first states that they are only normal 
growths, but in later articles he considers them as abnormal 
growths of the roots; however, no fact or theory regarding 
an organism which may cause them is presented. 

Dobner (8), in his Lehrbuch, mentions the tubercles 
formed on the roots of alder seedlings and regards them as 
roots altered by much branching and thickening. No refer- 
ence is made to parasitism. 

Jager (18) considers the tubercles as insect galls similar 
to those found on the twigs of the willow and the pine. 

Rossmassler (31), in his description of the roots of the 
alder, mentions the rusty-brown cluster-like outgrowth found 
on large and small alder plants. 

In 1866 Woronin (56) first described and presented fig- 
ures of the fyngus that produces the tubercles on various spe- 
cies of the alder. He considered it closely related to fhe genus 
Schinzia of Nageli, and proposed for it the name Schinzia 
alni. Later he made additional investigation on young tuber- 
cles and stated that two organisms, one resembling Plas- 
"modiophora brassicae and another a filamentous type, 
may be present in the cells. In the latter view he was 
supported by MoUer (24), who called the fungus Plas- 
"modiophora alnL 

Ratzeburg (30) refers to the abundance of tubercles on the 
alders and gives a full description accompanied with plate 
figures, some of which were borrowed from Woronin. He 
predicts that an organism belonging to the lower cryptogams 
will be found in the cells. 

MoUer (24) supported the. views of Woronin regarding 
the nature of the fungus and proposed the name Plas- 
modiophora alni. Five years later (25, 26) he reinvestigated 
fresh material and retracted his earlier views in favor of those 
set forth by Brunchorst (6), who, by a thorough investiga- 
tion, arrived at the true nature of the fungus in a study of 
the tubercles of Alnus and Elaeagnus. With a more modern 
technique he was able to determine the mycelial nature of 
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the fungus and its relation to the sporange-like structures 
which Woronin and Moller considered as spores. Brunchorst 
found that the content of the sporange segments into several 
parts which he considers as spores. In the longitudinal sec- 
tion he points out three distinct stages through which the 
fungus passes in its development. He regarded the fungus 
as distinct from Schinza and Plasmodiophora and considered 
it a new genus, naming it Fmnkia subtilis, though admitting 
that the fungus varies morphologically in dififerent host 
plants. 

Frank (9, 10), in his first contribution, sets forth some 
peculiar views in regard to the fungus, considering the tuber- 
cles as normal growths for the transitional storage of proteid 
material. He mentions the vesicles and the various changes 
which they undergo. In a later publication he revises his 
former views and in many respects corroborates the conclu- 
sions of Brunchorst. He did not succeed in obtaining 
growths from cultures but describes very clearly the inter- 
cellular infection, the effect of the fungus on the cell and its 
nucleus, and the symbiotic relationship of the host cell and 
the fungus. However, he did not believe with Brunchorst 
that the vesicles are fruiting bodies with the dividing con- 
tents comparable to spores. As the most appropriate name 
for the fungus Frank proposed '^Ernahrungsphysiologische 
Mycorrhiza." 

Atkinson (1) is the first who investigated the root-tuber- 
cles of Ceanothus americanus, which were discovered in 1890 
by Dr. W. J. Beal in Michigan. On examining fresh ma- 
terial he found the organism producing structures closely 
allied to that which is found in the tubercles of Alnus, 
Elaeagnus, and M^/nca, hitherto so well known in Europe. 
He presented in his paper an accurate description of the in- 
dividual tubercles as regards color, shape, size, method of 
branching, the formation of large clusters, the various layers 
of tissue and the cell, finding that the internal structure of 
the tubercle varies but little in relation to the various tissue 
systeips occurring in the normal root. The vascular cylinder 
is surrounded by an abnormally developed parenchymatous 
tissue which contains the parasite, and in Alnus serrulata, 
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cells containing the fungus are only a little if at all larger 
than the uninfected ones. No radial elongation of cells could 
be found as in Ceanothus, When mature, the fungus forms 
a dense cluster in the infected cells, the central portion of 
which is composed of completely branched threads bearing 
spherical sporangia at their end. Atkinson considers this 
fungus as a distinct species from all other forms, and pro- 
poses the name Franlcia ceanothi. A symbiotic relationship 
between the host and parasite seems probable to Atkinson 
from the fact that the plant appears to suffer in no respect 
from the infection. 

It was left for Hiltner (16) to prove experimentally that 
the root tubercles on the alder enable the plant to assimilate 
the free nitrogen of the air by a process analogous to that 
which occurs in leguminous plants. Furthermore he showed 
that alder plants can grow without tubercles provided the so- 
lution or soil in which they grow contains nitrogen in some 
form, and conversely that the growth of the tubercles is in- 
hibited when the plants are grown in a solution or soil where 
nitrogen is present in abundance. Calcium nitrate entirely 
stopped the growth of the tubercles. 

Subsequent to the above investigation, the attention of 
Nobbe and Hiltner (28) was called to Podocarpus, an ori- 
ental conifer, which possesses a large number of root-tubercles 
caused by an endotrophic mycorrhiza. Guided by their ex- 
periment on the alder they carried on investigations with 
greenhouse plants grown in quartz sand to which only non- 
nitrogenous culture solutions were added. For five years be- 
fore their results were published the plants grew luxuriantly 
and they concluded that they obtained the required nitrogen 
from the air. 

Although Schacht (32), Brunchorst, MoUer and a few 
other earlier investigators had examined the root-tubercle- 
like structures which are found on the roots of several Cycas 
species grown in green-houses, it was not until 1901 that Life 
(20) gave a more detailed description of the tubercles, noting 
that a fungus, a bacterium, and an alga inhabit these struc- 
tures. In young tubercles and in the tips of older ones, he 
found only the fungus and bacteria, which, he claims, pre- 
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pare the way for the blue green alga. Lenticels also occur 
on the tubercles, which may serve in aerating the root system. 
.Life believed that the tubercles may aid in free nitrogen as- 
similation for the plant. 

Because of the evidence that the fungus living in the tuber- 
cles of Podocarpus^ Alnus and Elaeagnus^ aids in the fixation 
6i free nitrogen for the use of these plants, Hiltner (17) was 
led to investigate Lolium temulentum, with which, according 
to Vogel and Nestler, there is associated a fungus that in- 
habits all the tissues of the plant even including the seed. 
Lolium italicum, on the other hand, contains no fungus. 
Plants of both species were grown to maturity in nitrogen- 
containing and nitrogen-free soil with respective controls. 
Chemical analysis showed that Lolium temulentum grown 
in nitrogen-free sand contained far more nitrogen than was 
originally present in the seed, and the plants nourished with 
nitrogen compounds contained nitrogen far in excess of that 
which was supplied by the solution ; hence Hiltner claimed 
that the free nitrogen of the air is used by this fungus- 
containing plant. Luxuriant growth of other plants likewise 
attacked by fungi was considered as evidence in favor of 
this view, but it has been shown by Brefeld (4) that such is 
not the case with the Ustilagineae and it remains to be proven 
for other fungi. 

Probably one of the most thorough investigations made on 
an endotrophic mycorrhiza in relation to its host cell is that 
of Magnus (22), who sets forth very fully the facts found in 
the rhizome and root of Neottia Nidus avis, where a fungus 
enters from without and fills a definite concentric layer of 
cells. All the infected cells do not react alike, for in certain 
ones the fungus destroys the protoplasm and forms organs 
for the purpose of maintaining itself during the winter and 
for the infection of new cells in spring, while in other cells 
the fungus, after having attained a certain development, is 
digested for the nourishment of the host, and the undigest- 
able portion remains and collects in a mass in the center or 
near the cell wall where layers of cellulose are formed around 
it. The nuclei of host and digestive cells furnish various phe- 
nomena which are elaborately described. 
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Shibata (38) made a cytological study of the endotrophic 
mycorrhiza found in the tubercles of Podocarpus chinenm 
and Alnus incana and in the rhizome of Psilotum trique- 
trum. In the Podocarpus tubercles he found a large hypho- 
mycete^ which^ by branching, filled the entire cell. The host 
nucleus increases in volume and assumes an amoeboid form, 
whereupon it divides mitotically, frequently forming as 
many as eight smaller nuclei which become distributed in 
the cell and again become amoeboid in form. When the 
fungus has attained its full growth it is digested by the host 
cell and the nuclei may resume normal conditions and divide 
mitotically. No cell walls are formed subsequent to nuclear 
division, the cells ultimately degenerating with the disinte- 
grating tubercle. Regarding the symbiotic relationship, 
Shibata corroborates the views held by Magnus (22) and 
Frank (10), who have shown that the fungus is subservient 
to the host cell. Shibata showed further by experiment that 
a proteolytic enzyme capable of digesting fibrin is present in 
the tubercle. 

In the rhizome of Psilotum he found the conditions quite 
similar to those in Podocarpus, except that the fungus myce- 
lium confines itself to the periphery of the cell, and the host 
nucleus undergoes no division. The undigested portions of 
the fungus form a dense aggregation in the center of the cell 
where it is cemented together by an amyloid-like substance 
and finally surrounded by a membrane. This is quite similar 
to the conditions in Neottia Nidus avis. By means of descrip- 
tions and figures, Shibata presents the true conditions as 
they are found in the tubercle of the alder. Here in addition 
to what earlier investigators had found, he mentions a dense 
clump of cytoplasm which remains after the absorption of 
the fungus in which small spherical and heavy stained bodies 
appear to which he applies the term '^Sekretkorperchen," 
similar to those bodies which Heidenhain found in the gland 
cells of several animals. These he claims are instrumental 
Jn the production of an enzyme in the cell which dissolves 
the fungus. 

Bjorkenheim (2) in one of the most recent papers on the 
alder tubercles presents the old facts in a somewhat different 
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light without, however, contributing anything new. He finds 
very large hyphae in the young tubercles, some measuring 
4-5 /i in width, which become finer as the tubercles grow 
older. His other facts regarding the fungus and the host cell 
are similar to those described by earlier investigators. 

Wolpert (54) made a study of the tubercles on Alnus 
alnobetulina and corroborates the results of Brunchorst and 
Shibata, in addition showing intercalary and apical swelling 
of the septate hyphae, conditions which are similar to the 
enlarged hyphae found in Psilotum, A view not earlier 
advanced is that the angular structures in the sporanges ger- 
minate and form new hyphae, but from the text figures given 
it would appear to be an artifact rather than an actual ger- 
mination. The so-called '^Secretkorperchen'' described by 
Shibata were not found in those cells where the fungus is 
digested. 

THE TUBERCLES OF CEANOTHUS. 

For cytological study the root-tubercles of Ceanothus 
americanus were gathered from plants growing in the open 
woods surrounding Madison, Wisconsin, the material for sub- 
sequent investigations being collected from plants growing 
in Forest Park, and in other open woods on the outskirts of 
St. Louis,. Missouri. Because the tubercles dry very easily 
on exposure, fixations were made in the field in order to 
obtain as nearly perfect material as possible. A few plants, 
however, were removed from the soil and transplanted into 
flower pots which were kept in the greenhouses, where the 
roots were kept in good condition for a reasonable time, 
packed in a large amount of moist sphagnum. 

Judging from the material gathered at various sections of 
a state as well as from different states the indications are 
that the species of Ceanothus are everywhere affected with 
tubercle growths. Ceanothus americanus and ovatus, com- 
mon in Wisconsin, as well as azureus, Delilianus, Fendleri 
and microphyllus, species native to the southwestern United 
States, which are now growing in the Missouri Botanical 
Garden, were all examined and found to possess tubercles. 
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Thus the formation of these tubercles is not confined to any- 
definite locality nor to any special species of the genus. 

Of the various fixing solutions used, Kaiser's sublimate- 
acetic and iridium chloride gave the best results. After fixa- 
tion the material was hardened and imbedded in the usual 
manner and transverse and longitudinal sections 5-8 in 
thickness were made. For staining, Fleming's triple and 
Heidenhain's iron haematoxylin stains were used, the triple 
stain proving the better for differentiating the various host 
tissues, the parts of the cell and the mycelium of the fungus. 
The nuclear structure of the fungus could best be determined 
with the iron haematoxylin stain, although the grosser struc- 
ture, such as the cell wall of the mycelium, is not as distinct. 
Serial sections prepared with these stains afforded the best 
means for the study of the minute structure of the fungus 
and the host, although examinations of fresh material were 
made in an attempt to obtain pure cultures, and the testing 
of the enzymes present in the tubercles of course was done 
with living material. The result of this work is deferred to a 
jsubsequent paragraph. 

External Characters. 

All the plants of Ceanbthus americanus examined pos- 
sessed tubercles on their roots; the youngest plants have 
only a few, often not more than two or three, whereas older 
plants have a large number; one nine years old possessing 
1,830 tubercles on the roots. The number thus increases with 
the age of the plant and with the root mass, a fact contrary 
to conditions found in the alder, where very old trees do not 
seem to have as many as the younger and more rapid grow- 
ing ones. The tubercles are also found at a greater depth 
than with the alder, the greatest number and the largest 
coral-like clusters being usually found 4-10 inches below the 
surface of the soil. When there are but a few lateral roots 
the tubercles are frequently found arranged along the tap 
root, often to a depth of 1.5 to 2 feet, penetrating the hard 
subsoil, but only individual tubercles or small clusters are 
found at such depths; the larger masses are found nearer 
the surface in the looser soil. 
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It may be noted that the greatest number of tubercles 
either branched or unbranched are attached by a small root 
to a larger one, it seldom happening that the tubercles or 
clusters are attached close to a large root. Often a cluster is 
formed by a number of rootlets, which are closely packed to- 
gether, each of which may have several tubercles, so that 
the irregular masses composed of unbranched individual 
tubercles are probably caused by the infection of many ad- 
jacent rootlets. 

The youngest tubercles all originate from the sides of fine 
thread-like roots (pi. 6), where their beginning may be noted 
as small protuberances on the sides, infection having prob- 
ably taken place through an epidermal cell or a root hair. 
Instances are very rare where a tubercle, or cluster of them, 
terminates a root so as to result in such massive structures 
as on the alder. At first the young tubercle is merely a bulg- 
ing of the epidermal tissue, subsequently the vascular cylin- 
der sends off a branch toward the infected region and the 
young tubercle becomes spherical, then ovoid and finally 
elongates into a cylinder as the vascular tissue increases in 
growth. The average diameter of an ordinary tubercle is 
from 1 to 1.5 mm. and in one year's growth it may attain 
from 3-6 mm. in length. The growth in length continues 
from year to year so that some may become 11-14 mm. long, 
but they still retain their original diameter. Through di- and 
tri-chotomous branching the loose cluster is formed on a 
single rootlet, and one of these may ultimately result in a 
mass 4-6 cm. in diameter, all of which originated from a sin- 
gle tubercle (pi. 6). There is some variation in the color of 
the tubercle, due to the nature of the soil in which these 
plants grow. As a rule the youngest tubercles are light gray, 
some are almost perfectly white, becoming pinkish as they 
grow older, while the older ones are flesh colored, becoming 
darker with age. Atkinson (1) describes the very youngest 
as having a flesh color, probably due to his not having found 
the very earliest stages of the tubercles. There is no pigment 
in the outer layer of cells, such as is abundantly present in 
the alder tubercles. 
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Internal Structure. 

A study of the internal structure of the tubercle was made 
from both longitudinal and transverse sections (f. 1), the 
smallest tubercle being found to possess the various tissues in 
common with older ones, only in a more rudimentary form. 
The tubercle consists of the outer corky layer, the outer and 
inner cortex and the vascular cylinder. Of these tissues the 
cortical parenchyma makes up the greater bulk of both small 
and large tubercles, while the vascular cylinder is quite nar- 
row, and does not extend far into the young tubercle 
(f. 1). The corky layer is made up of several thick walled 
cells the outer of which are usually broken. Beneath this is 
a layer of tissue made up of from four to five layers of oblong 
thick-walled cells, between which and the vascular cylinder is 
the parenchyma, composed, under normal conditions, of thin 
walled rounded cells. The vascular cylinder, bounded by an 
endodermis, consists of a few xylem strands, a large number 
of phloem cells and some supporting tissue which surrounds 
both (f. 1). Many resemblances may be noted to the struc- 
tures of alder, Elaeagnus and Myrica. 

The fungus confines itself to a zone of tissue two or three 
layers from the cylinder and from eight to ten layers from 
the outside of the tubercle, an arrangement strictly adhered 
to in these tubercles, so that no such irregular structure is 
produced as in the alder. Thus the fungus makes its home 
in a cylindrical zone extending from the growing point to 
the base of the tubercle ; in older tubercles the infected belt 
widens considerably, often cpntaining ten to twelve layers 
of cells in a transverse section, while the vascular cylinder 
also grows longer and wider and sends a branch into each 
division of the tubercle. 

The developmental stages of the fungus and the effect on 
the host cell are best studied from a longitudinal section 
where the various stages, from the apex to the base, are 
easily recognized, and inasmuch as general cell infection 
occurs at the apex of the tubercle, the most abundant young- 
est stages are found in this region. Although internal infec- 
tion is most prominent in this region it is also found to occur 
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in other portions of the tubercle as well. From the infected 
cells containing a mass of mycelial threads a stout hypha 
passes out, dissolves its way through the cell wall, and passes 
into the adjacent cell, directing itself toward the cell nucleus, 
often pushing it aside from its normal position or else twin- 
ing about it (f. 2). The infecting hypha is usually quite 
stout, more so than those of the much branched masses 
(f. 3, 4), a provision evidently necessary because a delicate 
hypha would not be able to make its way through the wall 
readily, and even if it did, there would probably not be 
enough protoplasm present to initiate a good growth in the 
new host cell. 

At this early stage the mycelium is densely filled with 
protoplasm in which are imbedded many small nuclei show- 
ing very prominently with the haematoxylin stain although 
the walls of the hyphae cannot be seen (f. 5, 6). After hav- 
ing established itself, short branches originate from the first 
hypha which in turn branch very abundantly and fill the 
greater part of the host cell (f. 4). 

When the fungus enters the cell there is a stimulation to 
growth of the cell wall and the protoplast; adjacent unin- 
fected cells are comparatively small (f. 8). The cytoplasm 
increases and becomes densely aggregated about the nucleus 
or about the fungal material, staining a very light orange, 
producing a contrast between the cytoplasm of infected and 
uninfected cells. All traces of starch grains which are abund- 
ant in. uninfected cells, have entirely disappeared and even 
normal adjacent cells suffer the loss of their starch and 
cytoplasmic content from the infection of their neighbors 
(f. 2). The cell walls of the host are dissolved at quite an 
early stage and often four or more cells break down, thus 
increasing the space which the fungus ultimately fills. The 
original content of such cells is absorbed very quickly. No 
multinucleated cells are formed in this manner, but 
the nucleus of the cell in which infection originated grows 
very rapidly with the fungus and remains the prominent part 
of the host cell. The nuclei of the adjoining cells, which are 
thus brought in contact with the infected cell, disintegrate 
very readily, probably being used as food by the fungus. 
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Shibata has found multinucleated cells in the tubercles of 
Podocarpus produced by the original nucleus dividing ami- 
totically when thus stimulated by an infecting fungus, but 
no such condition is apparent in Ceanothus, It should also 
be noted that some cells not directly connected with infected 
ones have but little protoplasmic content. Either the fungus 
robs the adjacent cells in some unknown way, or else the in- 
fected cells obtain the lion's share of food supplied by the 
plant and finally starve the other and smaller cells. 

As the host cell increases in size the nucleocytoplasmic re- 
lationship is maintained and therefore the nucleus increases 
with the cell, becoming enormously large compared with the 
nucleus of an uninfected cell. The average diameter of a 
normal nucleus is about 5.6 jn^ whereas the hypertrophied 
nuclei are usually oblong, measuring 14 X 21/x, Some pecu- 
liar and amoeba-like nuclei are shown in f . 8, many of which 
are quite similar to those in Podocarpus which Shibata (37) 
found dividing directly. Even the nucleolus increases its 
size in relation to the nucleus and in some instances seems 
even to exceed its natural proportion. The amount of chro- 
matin also increases and it stains a deep color with gentian 
violet. Passing farther toward the base of the tubercle, the 
cell and its contents become hypertrophied to the highest 
degree. In cross section the large infected cells are arranged 
radially (f. 1), showing in a longitudinal view a more 
isodiametric form. Those of the transverse section measure 
60 X 113/Xj whereas those of a longitudinal tangential sec- 
tion are about 50--60/i» in diameter. Concurrently with the 
growth of the cell the mycelium becomes more and more en- 
twined, branching and frequently broken in many places. 
The mycelial threads now become much finer and the small 
nuclei are distributed throughout the length (f. 4, 5, 6). 
This mass of mycelium, however, never becomes so large that 
it fills the entire cell since a provision must be made for the 
next following stage in which the pear-shaped vesicles are 
formed on the ends of the hyphal branches (f. 7). This is 
confined ,to a definite region, best seen in the longitudinal 
section where it stains deeply with gentian violet and very 
dark with haematoxylin, a fact indicating that there is pres- 
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ent an abundance of chromatin material in the fungus at 
this stage. Generally this zone appears in the middle of the 
young tubercle. The pear-shaped or spherical vesicles, packed 
closely together around the periphery of the cell, are the 
swollen ends of hyphae densely filled with protoplasm. In 
preparing the sections they are often torn loose from the large 
mass, though still retaining a portion of the hypha (f. 10, 
11) . They are quite similar both in shape and content to the 
vesicles found in the tubercle of the alder, except that in the 
Ceanothus form there is no double wall such as is pointed 
out in the alder by several investigators. At first the vesicles 
are filled with a dense protoplasm containing one nucleus-like 
body (f. 10), which at a later stage increase in size. Subse- 
quently the material in the vesicle divides into two parts with 
a very faintly stained substance between them. Apparently 
this is the mature condition of the fungus and its ultimate 
products are contained in the sporange-like structure. Al- 
though not surrounded by a distinct and perceptible wall 
these parts are quite analogous to spores but the final fate of 
these structures and their relation to the infection of the plant 
could not be determined. 

At this stage every trace of starch and cytoplasm in the 
host cell has disappeared, its nucleus becoming very irregular 
and shriveled, staining a light orange and usually lying near 
the periphery of the fungal mass (f. 7, 9). However, the 
nucleole is still quite large, its appearance indicating that it 
retains its vitality. Thus all the protoplasm of the cell is 
used by the fungus to build up its structure, and not until 
there is no more protoplasm in the cell does the degeneration 
of the fungus begin. This is shown by the gradual contract- 
ing of the entire fungal mass and the collapse of the walls 
of the mycelium and vesicles, although occasionally one or 
two vesicles may be found which are unaflFected (f. 13). All 
signs of nuclei in the fungus disappear and the only thing 
remaining is the rigid cell wall. At a certain stage in this 
struggle between, the fungus and its host, one would infer 
that the fungus is the victor, and it may be temporarily, yet 
its life, after having attained this stage of development, is 
relatively short and its death is brought about by starvation. 
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This is quite different from the conditions in the alder (38) 
and Neottia Nidus avis (22), where the fungus is finally ab- 
sorbed by the so-called digestive cell and the nucleus resumes 
its natural processes. However, it seems that the normal ad- 
joining cells may utilize, in some manner, the remaining 
protoplasmic material of the fungus. The turgidity of the 
host cell becomes less and less and the surrounding cells 
crowd it into a smaller space, so that none of the earlier struc- 
tures of the fungus or of the host can be recognized. No 
nucleus ever reappears, and thus the history of host cell and 
fungus ends in the death of both. Though Shibata has de- 
scribed, in Alnus, certain protoplasmic structures, called 
"Secretkorperchen," which in some way dissolve the fungus 
so that it may be utilized as food by the host cell, and Zach 
(58) has noted similar conditions in Elaeagnus as well as in 
the alder tubercles, nothing of such a nature occurs in 
Ceanothus. 

THE ROOT TUBERCLES OF ELAEAGNUS. 

Warming (52) was the first to give a full account of the 
tubercles occurring on the various genera of the Elaeagnus 
family, although he credits Jorgensen with being the first to 
note the tubercles on the roots of Elaeagnus, Hippophae and 
Shepherdia. Accompanied with a text figure he presents a 
morphological description of the tubercles. Their cause, he 
attributes to a parasitic myxomycete resembling Plasmodio- 
phora brassicae. The numerous spherical bodies are men- 
tioned and he claims that they resemble spores or are identical 
with them. 

Later Brunchorst (6) made an intensive study of the 
tubercles of Elaeagnus angustifolia and Hippophae rham- 
noides in connection with those of Alnus glutinosa. He con- 
siders the fungus to be the same in both plants and that what- 
ever facts he presents regarding the alder are also true of 
Elaeagnus. 

More recently Zach (58) has also made a comparative study 
of the tubercles on Elaeagnus angustifolia and Alnus glutino- 
sa in which he points out that the hyphomycete in both 
plants belongs to the same genus and species: viz: Frankia 
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subtilis Brunchorst. He makes no distinction between the 
two host cells as they are affected by the fungus, but states 
that the broken threads, "Stabchen," so-called by Shibata 
(38), are the concentrated cell content of the hyphae, the 
cell wall being unstained. Zach finds spore-like knots and 
bacteria-like threads which are degenerate forms of hyphae. 
These he claims absorb a great deal of water and thus fill the 
entire cell lumen. The terminal swellings of the hyphae are 
also degenerate stages of the fungus which are ultimately di- 
gested by^ the host cell, during which process the fungal 
masses pass through various degenerative stages. Spherical, 
oval and other shaped bodies, of an oily consistency, appear 
during the digestive process and to these he applies the name 
"Exkretkorper,'' though no such bodies as described by Shi- 
bata were found. 

Zach (60) finds similar conditions in the host cell of the 
tubercles of Cycas revoluta, in which he recognizes a phe- 
nomenon comparable to phagocytosis amongst animal cells. 

Because the root-tubercles which occur on Elaeagnus have 
been reported by several investigators as resembling in many 
respects those of the alder, the present investigation was un- 
dertaken with Elaeagnus argentea, and comparisons were 
made with the more recent research carried on with alder 
tubercles as well as those of Ceanothus and Myrica, The 
tubercles were gathered in the autumn of 1909 from plants 
growing in the Missouri Botanical Garden. It was found that 
they do not occur as abundantly as on the alder and Ceano- 
thus and, furthermore, are located on roots much deeper be- 
low the surface than in the alder or Ceanothus, This, how- 
ever, may be due to the fact that the Elaeagnus has its roots 
set much deeper in the soil. All plants of this species are 
more or less infected, yet some have far more than others. 
Hippophae rhamnoides and Shepherdia canadensis, two other 
representatives of this family, were examined and both found 
to possess tubercles quite similar to those of Elaeagnus argen- 
tea. Thus all the genera of this family grown in the garden 
have tubercles on their roots. 

No such large masses or clusters of tubercles as occur on 
the alder are found, although they vary in size from a few in- 
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dividual tubercles to much branched structures, the largest 
of which was 3-5 cm. in diameter. The larger clusters are 
very compact and usually attached very close to a large root 
(pi. 7). An unbranched individual tubercle may be de- 
scribed as a cylindrical structure, 8 to 1 mm. in diameter and 
about 5 to 6 mm. in length, terminating in a smooth rounded 
tip having no indication of a root cap. Very loose clusters, 
however, may have tubercles which are much longer. After a 
tubercle has attained a certain length, branching takes place 
in the tip which may continue until ultimately 24 to 30 
branches are formed, the origin of which may be traced back 
to a single individual. 

The color of the youngest tubercles is a dark gray, becom- 
ing much darker near the base. Old tubercles are dark brown 
or almost black, with a grayish colored tip. This dark color 
is due, to some extent, to the decaying cortical layer which 
peels off, thus giving the rough appearance. Individual 
tubercles of all sizes were fixed in Kaiser's sublimate acetic 
and Fleming's weaker and medium solutions. Specimens 
fixed in corrosive sublimate solutions gave the best results; 
the osmic acid solution so hardened the material that sec- 
tioning is difficult. From the imbedded material longitudinal 
and transverse sections, 5-10/a in thickness, were made, which 
were stained with Fleming's triple and Heidenhain's iron 
haematoxylin, but the triple stain set forth clearly all cyto- 
plasmic and nuclear structures of both the host and fungal 
cells. 

The morphological structure of the tubercle is best studied 
from a median longitudinal section in which the various tis- 
sues are shown as well as the different stages of development 
which the fungus passes through in its limited life cycle. All 
the tubercles retain to some extent the typical tissue systems 
of a normal root, the cortical parenchyma being greatly en- 
larged from the hypertrophy which is primarily brought 
about by the fungus which lives in the cells. The chief tissues 
of the tubercle are the inner and outer cortex and the vascu- 
lar cylinder, which is bounded by a thick walled endodermis 
(f. 14). The outer cortex consists of oblong cells, the walls 
of which stain a deeper color with gentian violet, while the 
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cells of the inner cortex have quite thin walls and are more 
isodiametric excepting the infected ones which are usually 
elongated radially. The infected region, as shown in f. 14, 
is located in the middle portion of the cortex, and the distri- 
bution is more uniform than in the alder, being quite similar 
to conditions in Ceanothus. Usually four to five layers of cells 
outside of the central cylinder remain uninfected, although 
there is some tendency for the fungus to penetrate inwardly. 
Many cells are found which are just being infected quite near 
to the vascular cylinder, but* in a young tubercle a compara- 
tively thick layer of uninfected tissue remains outside of the 
vascular cylinder. In a large mature tubercle the vascular 
cylinder composes about one-fifth of the diameter and extends 
quite far into the tip. It is quite uniform in width, except 
that it tapers somewhat toward the end. Beside the endoder- 
mis which surrounds it, the cylinder consists of a few strands 
of xylem, still somewhat radially arranged, and with phloem 
cells between them. The bundles are bounded by parenchy- 
matous cells, a number of which fill up the central region of 
the cylinder. 

A study of the developmental stages of the fungus may 
best be made from a longitudinal section in which the various 
stages can be determined. Begirining with the apex and con- 
tinuing toward the base of the tubercle, serial stages may be 
selected which represent the entire history of the fungus in 
the various cells, the youngest stages being found in the grow- 
ing region, whereas the oldest may be noted in cells at the 
base of the tubercle. 

An uninfected host cell is usually isodiametric and con- 
tains many large starch grains imbedded in a thin granular 
cytoplasm. Occasionally a heavy staining substance is met 
with which, however, has more of an intercellular than intra- 
cellular appearance, and is much like the tannin met with in 
the alder tubercles. The cell nucleus is relatively large and 
filled with chromatin in a fine reticulated stage (f. 16, 17, 19) . 

Infection takes place acropetally ; the fungus passes from 
cell to cell by forcing its way through the cell wall (f. 16) 
and frequently several hyphae may be noted, placed along 
the inside of the wall for a considerable distance before one 
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or all pass out of the cell (f. 18). Apparently the fungus 
secretes some enzyme which dissolves the cellulose wall and 
thus prepares the way for the infecting hyphae. Upon enter- 
ing, the fungus directs its hyphae toward the nucleus, then 
it builds up a dense tangled mass on one side, frequently 
crowding the nucleus out of its original position. In many 
of the infected cells the nucleus lies close to the cell wall and 
the fungal mycelium nearly fills the remaining space. Figure 
19 shows where such a condition is just beginning. Again, 
other stages are found where the nucleus has retained the cen- 
tral position in the cell and the fungus builds its structure 
entirely about it (f. 16, 19). 

When the fungus enters a cell the first noticeable fea- 
ture is the increase in size of the nucleus, then follow the 
growth of the cell wall, the disappearance of the grains of 
starch and the formation of dense cytoplasmic masses in va- 
rious parts of the cell. The latter may be comparable to that 
substance in the host cell which Zach (58) calls the ^^Ex- 
kretkorperchen." No indications are found in any of the 
Elaeagnus material examined that large portions of inter- 
cellular walls are dissolved in order that a larger space may 
be provided for the fungus ; a phenomenon invariably found 
in the tubercles of Ceanothus. In Elaeagnus the cell walls 
may be more resistant, or when the fungus is once inside- the 
cell it seems as if there are no more secretions which will 
break down the walls of the host cell. The normal cells ad- 
jacent to the infected ones show no signs of being affected in 
any way by their neighbors at least as far as cell content is 
concerned. 

With the increase in size of the cell and its nucleus, the 
nucleo-cytoplasmic relationship is constantly maintained. 
Exact measurements could not be made because of the irregu- 
lar form of nucleus and the cell ; yet measurements as nearly 
accurate as possible indicate that a definite ratio exists between 
the size of the nucleus and that of the cell. All nuclei of the 
infected cells, which at first are spherical often containing 
several nuclei, are in the so-called resting stage, the chromatin 
being distributed in very fine masses ; frequently this is very 
dense around the periphery of the nuclear membrane. The 
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size of the hypertrophied cells varies from 56 to 91x70 to 
112fi and the nuclei found in them measure 15 to 20x27/t6, 
while some of the larger spherical ones are only 16 to 20/*, 
in diameter, though with a nucleolus measuring 5 to 9/^, 

At this stage the fungus has attained its greatest vegetative 
growth and almost fills the entire host cell; a condition 
which may be comparable to that found by Magnus (22) in 
Neottia, It is likewise at this stage that the host nucleus ac- 
quires its greatest volume ; the cytoplasm filling every possi- 
ble space in the cell which is not occupied by the fungus 
(f. 19). The symbiotic relationship is now very evident, 
both the host and its guest seeming to prosper for a definite 
period. 

Following the mycelial stage, the ends of the fungal 
branches begin to swell, forming spherical or pear-shaped 
bodies which much resemble the fruiting sporanges of a 
higher fungus. These ^^vesicles," as they have been called by 
some investigators, are relatively small, the largest being 
2.8 to 3fi wide, whereas the mycelium on which they are 
borne is only .2 to .3/* in width, and in fresh material the 
mycelial threads are so delicate that the sporange-like struc- 
tures break off very readily (f. 19, 20, 21). The young vesi- 
cles are filled with granular cytoplasm in which irregular 
and dark staining bodies may be found (f. 20, 21), and later 
the content segments into halves, quarters and even smaller 
portions, in many of which a small nucleus may be deter- 
mined. This process is quite analogous to spore formation 
among higher types of fungi, yet no stage can be found where 
there is a definite rounding up of the spore-like mass into 
structures with definite walls. The formation of walls may 
be inhibited because of the parasitic nature of the fungus, or 
the fungus may be of that primitive type where no thick wall 
is formed around the spore. 

' It is at this stage that the host nucleus assumes an amoe- 
boid shape, frequently becoming very irregular, and portions 
project quite a distance into the fungal mass (f. 19, 25), a 
condition probably due to lack of space in which to round 
out more uniformly. This condition gives some indication 
of the host cell assuming a digestive function although not 
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SO effective as the digestive cells of Alnus, orchids, and Podo- 
carpus. 

After the development of the sporanges the fungus, as an 
entire mass, begins to collapse, the sporanges break open and 
their walls, which stain dark with the triple and haematoxy- 
lin, appear as mere shell-like coverings. All of the indica' 
tions are in favor of the view that the content of these 
sporanges has escaped but whether in the form of a swarm 
spore or otherwise could not be determined. When the fun- 
gus is in this stage the host cells contain very irregular 
nuclei (f. 26), and serial stages may be noted where the 
nuclear content gradually dwindles away until finally 
nothing but the nucleolus and the nuclear membrane re- 
main; and these too ultimately disappear. Thus there is a 
long continued struggle between the host and the fungus 
resulting finally in the destruction of the cell, the nucleus 
being its most resistant part. The question may arise whether 
the cell might not still be living after the nucleus is de- 
stroyed; all indications are negative, however, being quite 
similar to those which Gerassimoff (11) obtained with enu- 
cleated Spirogyra cells which had but a short life even though 
the cytoplasm was left in almost a normal condition. Just 
how far the fungus and the host have been mutually in- 
jurious, and which one outlives the other, is a difficult ques- 
tion to answer. If the destruction of the nucleus signifies the 
ceasing of cell activity, then the host cell is destroyed by the 
fungus which in turn dies from starvation. According to 
Zach (60) the host cell destroys or digests the fungus, leav- 
ing but a portion of undigestible material to which he ap- 
plies the term "Exkretkorper,^' but no statement is made as 
to what the cell does after it has gone through this digestive 
process. Similar conditions are found in the tubercles of 
Cycas, but here Zach points out that both host cell and fun- 
gus may be destroyed. Certainly in Elaeagnus the host cell 
and the fungus both die as a result of their relationship and 
there is no indication of such a perfect symbiosis as occurs 
in the alder and Podocarpus, although it may be true that 
the normal cells surrounding the infected ones derive some 
slight benefit from the fungus. Long after the apparent de- 
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struction of the host cell the fungus gradually loses its con- 
tent until finally nothing remains but the walls of the 
hyphae. 

Granting the fact that the host cell is destroyed before the 
fungus, the gradual disappearance of the latter must be 
caused by agencies outside of that particular cell, for if it 
were but a ceasing of living conditions the various stainable 
parts of the fungus would remain in the cell for a long time. 
However, numerous examinations of cells of this kind from 
the oldest portions of the tubercle show only walls closely 
packed together by the collapsing of the host cells where 
they undergo no further change (f. 23). Whatever benefit 
the host plant derives from the fungus must be obtained 
through the host cell while it is yet in a living condition, or 
by the other living cells which adjoin the infected ones. Pos- 
sibly the plant can acquire greater gain by suffering the loss 
of a few cells for the good of many. 

THE TUBERCLES OP MYRICA. 

The amount of research that has been done on the tuber- 
cles of Myrica is rather limited when it is compared with all 
that may be found on the alder; due probably to the fact 
that they were considered, for some time, to be caused by a 
similar fungus. Brunchorst (6) was the first to mention the 
tubercles on Myrica Gale and considered the fungus produc- 
ing them so much like that in the alder that he called it 
Frankia subtilis. Later, MoUer (26) found that it differed 
considerably and made it a new species which he called 
Frankia Brunchorstii. 

Shibata (38) has made the most thorough investigation 
on the root-tubercles of Myrica rubra, his observations being 
on fresh material and on some prepared according to modern 
cytological technique. He describes the external and inter- 
nal morphology of the tubercle, noting that the fungus con- 
fines itself to a definite region, thus differing from the condi- 
tion found in the alder and other forms. The differentiation 
of the tissues begins in the meristematic region, where inter- 
nal infection of the young cells takes place. At first the fun- 
gus consists of a few mycelial threads which give rise to 
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branches arranged in an aster-like form and ultimately fill- 
ing the entire cell. Shibata places this fungus with the genus 
Actinomyces, thus differing from that found in the Podocar- 
pus, Psilotum, Alnus and Elaeagnus tubercles. 

Harshberger (15) was the first to report the tuberculous 
outgrowths on adventitious roots of Myrica cerifera, although 
Brunchorst and Shibata had already made some investiga- 
tions on Myrica Gale and M. rubra. He calls them mycodo- 
matia, a term used by Tubeuf (52) for these structures. The 
tubercles are found on these roots when the stems are sur- 
rounded by shifting sand. At first the masses are relatively 
simple, but by continual branching and growth, aggrega- 
tions attaining the size of a walnut are produced. The struc- 
ture of the tubercle was studied from dry material which had 
been boiled with water and then treated with alcohol. From 
sections obtained from these he describes the various parts 
of the tubercle, finding a unicellular hyphomycete, which 
confines itself to a definite region, infecting cells anew by 
passing through their walls and forming a dense mass of 
hyphae within. However, the microphotographs obtained 
from these sections do not show the true nature of the fungus 
and Harshberger, rather unwarrantedly, claims for the fun- 
gus a position closely related to the Oomycetes, 

The root-tubercle-like structures on Myrica cerifera were 
gathered in November and December on plants growing in' 
the Missouri Botanical Garden. Myrica Gale and M. aspleni- 
folia were also examined, but these did not afford as large or 
as abundant material as the above named species. These 
structures occur on adventitious roots which grow out from 
the lower part of the stem, or from branches or stems which 
have been covered over with leaf mould or soil for several 
years. This fact agrees with the observations of Harshber- 
ger (14), who found these growths on stems which were 
surrounded by sand in localities where sand dunes are 
formed. Other roots have a few tubercles which, however, 
do not attain so large size as the ones that occur on the ad- 
ventitious roots, nor are they as abundant as the tubercles 
found on Alnus, Ceanothus and Elaeagnus, 

The tubercles are usually found in masses varying in size 
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from a pea to that of a walnut (pi. 8) . Specimens of the large 
size were always associated with large stems. Those found on 
stems three years old had attained a mass 1 to 1.5 cm. in 
diameter. The cluster is usually very compact and resembles 
somewhat that of the alder and Elaeagnus, although differ- 
ing in this respect from Ceanothus. Harshberger claims that 
the tubercles are of very slow growth and tries to determine 
the age of a cluster by comparing it with the age of the plant 
on which it is found, but his estimate can be only relative. 
The masses shown in the photograph (pi. 8), growing on 
plants three years old, have attained 2 cm. in diameter. Ac- 
cording to his statement some plants were twenty years old. 
Granting that growth be uniform, and if three years' growth 
will produce a mass 2 cm. in diameter, on a plant twenty 
years old, one would expect a cluster, a half a foot in diame- 
ter, a size not attained on any plant observed by either 
Harshberger or myself. 

The individual tubercle may be described as a short 
thickened rootlike structure which branches di- or trichoto- 
mously after having attained a certain length. The longest 
individual branches found were 2 mm. in length. Their 
thickness varies from .5 to 1 mm., the older portions, how- 
ever, being the thickest. One peculiarity of these tubercles 
is that, after having attained a certain length, their tips grow 
out into a narrow thread-like structure, often attaining 1.5 
to 3 cm. in length (f. 28). This again sends out lateral 
branches which may be found entwined amongst the roots 
and grass blades. In vigorous growing material the out- 
growths of this kind appear quite like ordinary roots of the 
plant except that their shape is more tapering toward the tip. 
The structure of the tubercle will be described in detail in 
a subsequent paragraph. 

The color of the youngest tubercles is a light gray to pink 
changing to a flesh color with age. The long slender tips, 
nearly colorless when young, become brown as they dry, 
through exposure to the air and soil. The very old and dry 
tubercles are dark brown or even black, a color which was 
attributed to them by Harshberger, who made his investi- 
gation with dried material only. 
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The tubercles originate from the small adventitious roots 
which do not attain more than several centimeters in length 
when infection takes place. Many roothairs occur on these 
roots, and it is quite probable that the fungus, in some form, 
makes its inroad through them or by some epidermal cell of 
the growing root. The formation of a mass of tubercles ends 
the growth of that particular root, where probably the food 
material all passes into the tubercles. 

The material for investigation was taken from living 
plants, and after a thorough washing was fixed in various 
solutions, of which Kaiser's sublimate-acetic and Fleming's 
weaker fluid proved to be the better fixative for these struc- 
tures. After fixation, the ordinary procedure of dehydrating, 
hardening and imbedding was followed, though a much 
longer time was given for infiltration than is usually given 
for tissues of a softer texture. Tangential, median and trans- 
verse sections 5 to Qfi in thickness were made and stained 
with Fleming's triple and Heidenhain's iron haematoxylin. 
The haematoxylin stains the nuclear structures of the fun- 
gus, but the mycelial wall and different parts of the host cell 
can be made out with difficulty. Most of the drawings were 
made from sections prepared only with the triple stain. 

The various tissues which compose the tubercle may best 
be studied from a transverse section. The tubercle is covered 
on the outside by an epidermis which is usually broken and 
very irregular except in very young forms. Underneath lies 
a thick layer of cortex, made up of rather thin walled paren- 
chymatous cells. The outer portion of this contains narrow 
oblong cells which make up a layer from 4 to 5 cells in 
thickness. Inside of this there is a layer of cells almost 
isodiametric, with very thin walls. Farther toward the in- 
terior, the cells become larger and radially elongated, some 
measuring 20 to 25 X 28 to 45/^. These cells contain the 
parasitic fungus, forming a definite region two or three cell 
layers in thickness. Adjoining it on the inside is a region 
of smaller cells mostly isodiametric with a few oblong ones 
scattered irregularly amongst them. 

The vascular cylinder is bounded by an endodermis com- 
posed of small oval thick-walled cells which stain quite 
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deeply with the gentian violet. The structure of the vascu- 
lar cylinder does not differ materially from that of the nor- 
mal root. In the young tubercles the xylem and phloem are 
arranged alternately and radially, with a few pith cells in the 
center. The phloem, however, makes up the greater bulk 
of the tissue. 

In the young tubercles the vascular cylinder does not ex- 
tend far into the apex, whereas in older ones the cylinder 
with some cortical cells surrounding it, grows out into a 
slender thread from which lateral branches are again sent 
oflf. These, no doubt, have some absorbtive function similar 
to that of the ordinary root. 

The fungus which lives iti these tubercles may best be 
studied, in its various relations, in a median longitudinal 
section where the youngest stages may be found in or near 
the meristematic region and the older stages may be traced 
back toward the base of the tubercle. The infecting region 
is confined to the apex of the tubercle, indicating that only 
embryonic or comparatively young cells afford the proper 
conditions for the fungus. There are numberless cells ad- 
joining, but none of them show indications of being affected. 
This layer is shown in f. 29. The entire infected region 
has the shape of a cylinder, ranging from one to two cell 
layers in thickness, and tapers slightly toward the apex of 
the tubercle where it always remains open. This region 
may be recognized from the place where the tubercle begins 
to taper. Such an arrangement seems to be indicative of the 
fact that the fungus has certain selective properties in de- 
termining where it may best grow in the host tissue. An- 
other strange feature is the fact that it will live in one or 
two layers of cells, growing neither farther out nor in. Prob- 
ably the cells have acquired some immunity after having 
attained a certain age, or the infected region may bear some 
relation to the central cylinder and also to the air outside 
of the tubercle and thus the fungus may have selected the 
most appropriate position. 

The young uninfected embryonic cells are usually filled 
with starch grains imbedded in a spongy cytoplasm in which 
frequently a large vacuole is present. The starch grains are 
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large and simple, but occasionally compound grains may be 
found in the older cells. The cell nucleus is spherical in 
shape and relatively small compared with the size of the 
cell (f. 30). The chromatin stains a deep blue and the 
greatest number of nuclei are found in the so-called resting 
condition, indicating that the cells are quite active in their 
metabolic process. 

Internal infection is accomplished by the fungus passing 
from cell to cell, penetrating the cell wall, and as the myce- 
lium is very thick^ frequently 1.4 to 2jt& at this stage, it 
must secrete an enzyme which is capable of dissolving the 
cell walls so as to allow three or more parallel strands of 
hyphae to pass into a cell (f. 32). The fungus directs 
itself toward the cell nucleus, in the neighborhood of which 
it must derive its greatest benefit. Subsequent to this stage, 
the mycelium grows very rapidly and begins to branch and 
coil itself on one side of the nucleus, which is frequently 
crowded to the wall; occasionally, however, instances are 
found where the nucleus is contained within the fungal mass. 

Although this fungus is considered a parasite there are no 
indications of such relationship as exist between the hausto- 
rium of the mildews and the nucleus of their respective host 
cells where it has been shown that the nucleus becomes very 
irregular and surrounds closely the haustorium, in which 
condition both nucleus and cytoplasm are ultimately ab- 
sorbed by the fungus. Another singular feature is the fact 
that there is no apparent hypertrophy of the host cell, such 
as occurs so commonly among cells infected by the rusts. 
Apparently the host cell of Myrica affords less resistance to 
its fungus than the host cells of various plants offer to their 
respective mildews and rusts; even the host cells of Ceanothus 
and Elaeagnus display a greater resistive power. 

The host cell undergoes but few changes after the fungus 
makes its entrance. First the starch grains, which are used 
as food, disappear, the cytoplasm of the host cell, which at 
first increases, gradually becomes less dense and finally van- 
ishes (f. 33, 37). Comparative measurements were made 
of the nuclei and cells of infected and neighboring unin- 
fected regions, and it was found that there is no increase in 
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size due to infection. Thus there is no expression of such a 
symbiotic relationship as is found in so many of the other 
plants, but the condition is rather one of real parasitism, 
where the fungus obtains tlie full benefit from the cells in 
which it lives. However, the host nucleus offers a great re- 
sistance, retaining its natural content and form for a long 
time. Even in some very old infected cells the nucleus may 
be found in nearly perfect condition; although ultimately 
the nuclei begin to collapse and are found as small shriveled 
bodies with the dead mycelium. The cell wall remains quite 
firm, being held in position, to some extent, by the adjoining 
rigid walls of other cells. 

Passing farther toward the base of a tubercle, the cells 
are found filled with the fungus. A minute study reveals 
that the mycelium is composed of dense granular protoplasm 
in which are imbedded many nuclei of considerable size 
(f. 34). No cross walls can be distinguished. After a 
cell becomes partly filled with the mycelium, branches are 
sent out radially toward the periphery of the cell, which at 
first are narrow and oblong, but finally swell at the ends 
forming club or wedge shaped structures as seen in a median 
section (f. 35, 36). The largest ones are 3.5 to 4/^ across 
at the widest part and usually 7 to lOfju long. For a consid- 
erable distance back from the apex the vesicles and hyphae 
are filled with a dense granular protoplasm in which may be 
found a few nuclei, while in older stages the hyphae and 
vesicles are empty. Thus the fungus dies out gradually, 
death being due to lack of food material after this has all 
been absorbed. 

The question arises whether the plant, in an indirect way, 
derives a benefit from having the fungus living in its tissues. 
From all appearances no specific injury can be noted. It 
may be that the fungus can use and change the protoplasm 
of the host cell in such a manner that it can be taken up 
again from the fungus by the adjoining uninfected cells; or 
the conditions may be comparable to those which Hiltner 
(17) finds in Lolium temulentum, where the fungus utilizes 
the free nitrogen of the air which in turn is taken up by 
the plant. The position which the fungus selects in the 
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tubercle is indicative of some relationship with the atmos- 
phere, but this fact can only be proved by accurate experi- 
ments. 

It is somewhat difficult to place this fungus systematically 
when one can judge its morphological characteristics only 
from the form found within the host cells. Harshberger (15) 
favors the view of locating it among the Oomycetes, but 
judging from the characteristics as noted, it cannot properly 
be considered to belong to that group. Shibata (38) is prob- 
ably correct in placing it with Actinomyces as defined by 
Migula in his System of Bacteriology. Pecklo (29),. in his 
pure culture of endotrophic mycorrhiza, claims to have- iso- 
lated an ActinomyceS'like fungus from the tubercles of 
Myrica Gale, apparently the only instance of actinomycosis 
that has ever been reported amongst plants. In the 302 
references on Actinomyces, given in KoUe and Wasser- 
mann's Handbuch der pathogenen Mikro-organismen (19), 
no mention is made of such organisms infecting plant cells, 
yet a large number of these pathogenic forms, in the early 
stage of their life history, live in the intercellular spaces of 
various plant tissues and several investigators have obtained 
pure culture of Actinomyces from awns of barley and grasses, 
so that it is not altogether improbable that a similar form 
may inhabit the root tubercles of Myrica, 

COMPARISOlSr AND DISCUSSION. 

Although the tubercles and fungus on Ceanothus, 
Elaeagnus and Myrica have been considered the same or 
quite similar by several investigators, a comparative study 
shows that a number of variations may be noted in the 
fungus as ^well as the structure which it produces. It may 
be noted that the tubercles on the above plants have very 
little in common with those of bacterial origin found on the 
Leguminosae. 

Differences regarding the number and location of the 
tubercles as found on these plants may be noted as follows: 
On the roots of Elaeagnus and Myrica they are not so plenti- 
ful as on Ceanothus, On Myrica cerifera they occur on the 
short adventitious roots which grow out from the lower part 



88 MISSOUBI BOTANICAL GAEDEN. 

of the Stem or procumbent branches. This appears to be 
characteristic of this species only, for the other two species 
possess the tubercles on ordinary roots, like Ceanothus, 
The largest and most compact masses of tubercles occur on 
Elaeagnus, yet many may be found on Ceanothus which 
have attained nearly the same size. The dense collection of 
tubercles of Myrica is due more to the intricate interlacing 
of the branches than to the close proximity of the individual 
tubercles. The most striking external difference between the 
tubercles of Elaeagnus and Ceanothus is their color. The 
former are very dark, due to the black cortical layer which 
peels off and is changed to a darker color, probably by the 
oxidizing agents of the air and soil. In Ceanothus the young 
growing tubercles are almost colorless, but later they assume 
a flesh color which turns still darker as they become older. 
In Myrica the color varies from glistening white growths to 
the brown or almost black mature structures. As to form, 
those of Ceanothus and Elaeagnus are quite similar. The 
former attain by far the greater length, but do not form so 
thick or irregular a growth as in Elaeagnus. However, there 
seems to be more symmetry in the growth and branching of 
those of Ceanothus than in any other type. A great devia- 
tion from those described is found in the Myrica forms. 
Their branching is far more irregular and abundant. It is 
difficult to compare them as to length and thickness. One 
peculiar feature is the elongation of the tip which forms a 
long slender thread in which may be found the central cyl- 
inder. No indication of such a growth is found among the 
other tubercles, however great a length they may attain. 

All the foregoing facts may be but minor differences, due, 
more or less, to environmental conditions in which the plant 
finds itself. The more important variations may be noted 
in the fungus of each host with its various tissues. In the 
tubercles of Elaeagnus and Ceanothus the fungus shows 
some similarity in behavior. In both a definite region of the 
cortex is infected, the mode of infection does not differ very 
materially. One variation exists in the fact that, in 
Elaeagnus, the fungus is unable to dissolve, either directly 
or indirectly, portions of cell walls after it has entered and 
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established itself inside the cell. In Ceanothus, however, 
the growth of the cell ceases at a certain stage, but as the 
fungal mass enlarges, the cell walls are dissolved and thus 
more space is provided. Several differences may be noted in 
the minute structure of the fungus of each of these plants. 
The mycelium of that in Ceanothus measures from 1 to 1.4 /^ 
in width, is septate and has branches arising at irregular 
intervals. That of Elaeagnus is very fine, being but .2 to .5 fi 
at its widest parts, becoming much branched and entwined. 
Although this is true, the vesicles produced on both are of 
the same size, and the breaking up of their content and its 
subsequent fate does not differ very much. 

The nuclei of the fungus in Elaeagnus are very much 
smaller and more numerous than those found in GeavJothus 
and Myrica, yet they are quite distinctly differentiated from 
the cytoplasm with the safranin, a result difficult to obtain 
with that of Ceanothus by using similar methods. Accurate 
measurements could not be made because none of the nuclei 
are more than a small fraction of a micron in diameter. 

In both forms the content of the sporanges breaks up into 
several segments so. that frequently four or more can be 
seen in one plane ; but in Ceanothus the number of segments 
is smaller. In both, a close resemblance may be noted to 
conditions which Shibata (38) points out in the fungus of 
the alder where a large number of segments are produced 
in one sporange. These facts cannot be found in the fungus 
of Myrica tubercles. No differentiation of the content in 
the vesicles takes place even after the nuclei have wandered 
into them. This and other features of this unicellular fungus 
indicate that it is entirely different from that in Ceanothus 
and Elaeagnus, 

No. such perfect symbiosis between the host and its fungus 
can be attributed to Myrica as has been found in Podocarpus 
and in all the other forms that have been mentioned. If the 
fungus were more closely associated with the exterior of the 
tubercle, StahFs views, that it absorbs mineral salts and 
changes them into nitrogenous compounds for the use of the 
plant, might offer some solution of the problem involved. 
This may be true among the ectotrophic mycorrhiza, but in 
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the forms under consideration it is rather difficult to deter- 
mine how closely the fungus is related to the external en- 
vironment. The host and fungal relationship may be 
slightly symbiotic from the fact that only a few cells are 
infected, yet a large number of cells is produced by the 
fungal stimulation, this excess of growth being easily noted 
just at the region where internal infection takes place. No 
hyperchromatic cells, so common in other tubercles, are pro- 
duced in Myrica. As has been previously stated, the host 
cells of the three forms studied are destroyed as a result of 
their association with the fungus. In Myrica the problem 
regarding the function of the fungus in the tubercle is still 
unsolved. In Ceanothus and Elaeagnus, on the other hand, 
the evidence that the fungus is digested in part by the host 
cell indicates that the plant may derive some benefit from 
the fungus. The statement is frequently met with that the 
fungal organism in Elaeagnus enables the plant to utilize 
the free nitrogen of the air. This must be based on an 
analogy with the alder, for I have found no experimental 
data of any investigator which will substantiate such an 
assertion. 

Zach (55, 57) lays great stress upon the digestive activity 
of the host cell in the several forms which he has studied, and 
attributes to it functions similar to those of the phagocytes 
found in animals. Even though the fungus is destroyed in 
part by the cytoplasm of the cell, the above analogy does 
not explain the actual processes which take place when the 
fungus is destroyed. 

Regarding its systematic position, the fungus in the tuber- 
cles of Ceanothus and Elaeagnus must be retained within 
the genus Frankia, respectively as Frankia subtilis Brun- 
chorst, and Frankia ceanothi Atkinson. The fungus found 
in Myrica, as already pointed out, has but a few minor char- 
acteristics in common with the species found in Ceanothus 
and Elaeagnus, and should probably be placed in a separate 
genus. The name Frankia Brunchorstii serves the purpose 
of designating it only by a great extension of the generic 
characters of Frankia, its Actinomyces nature making it 
quite distinct from the other species. 
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ENZYMES IN ALNUS AND CEANOTHUS TUBERCLES. 

The experiment of Shibata (38) demonstrating the pres- 
ence of proteolytic enzymes in the tubercles of Podocarpus 
and to some extent in the alder, led me to carry on similar 
experiments with the tubercles of the alder and Ceanothus. 

Three different kinds of extracts were made from the 
tubercles: in glycerin, distilled water, and 1% NaCl. solution. 
The best reactions were obtained with the aqueous and gly- 
cerin extracts. The NaCl. solution gave no decisive reac- 
tions, probably due to the toxic effect which this salt has 
upon the enzyme. Several controls were carried on with 
root extracts, distilled water and glycerin. To every gram 
of tubercle 30 grams of solution was added. This was mixed 
and finely crushed in a mortar and filtered after having 
stood for an hour. The material crushed with glycerin was 
left standing for ten to twelve days, after which it was fil- 
tered through fine fabric and the filtrate was diluted with 
four parts of distilled water. The extracts were placed in 
sterilized flasks and the weighed portion of blood fibrin was 
added after being soaked in a 1% solution of HCl. A small 
drop of chloroform was added to all the extracts of each 
flask as an antiseptic against fungi and bacteria. 

Experiment I. 

To 50 cc. of diluted glycerin extract of alder tubercles .25 
gm. of dry fibrin was added, and it was kept at a tempera- 
ture of 34° 0. 

1. A normal glycerin solution. 

(a) At end of 24 hra.— Somewhat digested. 

(b) " " '* 48 " Two-thirds of fibrin digested. 

(c) *' " " 72 " Nearly all digested. 

2. Glycerin extract with 5 cc. of 1% HCl. 

(a) At end of 24 hrs. — Half of the fibrin digested, the liquid tur- 

bid with many bubbles of gas. 

(b) At end of 48 hrs. — Only a few small pieces of fibrin left. 

(c) ''*''' 72 *' All the fibrin digested. 

The solution gave a good biuret test for proteids. 
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3. Extract which had been heated for ten minutes at 
80° 0. 

(a) At end of 24 hrs.— No digestion, liquid clear. 

(b) '* ** ** 48 *' No action, 

(c) '* " *' 72 '' Fibrin still unaltered. 

4. The control, with glycerin and aqueous extracts of root 
tissue, was placed under the same conditions as the above, 
but no indication of digestion was shown. 

Experiment II. 

Distilled water extract was made of alder tubercles. To 
50 cc. of extract, .25 gram of fibrin was added. Tempera- 
ture 34° 0. 

1. A normal aqueous extract. 

(a) At end of 48 hrs. — Half of fibrin digested. 

(b) *' ** "72 ** More digested, liquid turbid. 

(c) * *' *' 96 *' All digested. 

2. Extract with 5 cc. of 1% HCl. 

(a) At end of 48 hrs. — Considerable digested. 

(b) '* *' "72 " Fibrin nearly digested, liquid turbid. 

(c) " " " 96 " Fibrin all digested. 

3. Extract with 5 cc. 1% Nag GO3. 

(a) At end of 48 hrs. — Liquid clear, no digestion. 

(b) " " "72 " Fibrin hardened, no digestion. 

(c) " " "96 " No digestion. 

4. Extract heated to 80° C. 

(a) At end of 48 hrs. — No reaction. 

(b) " " " 72 " No reaction. 

(c) " " " 96 " No change in fibrin. 

Experiment III. 

Glycerin extract of alder root tissue. To 50 cc. of extract 
.25 gram of fibrin was added. Temperature 34° C. 

1. Normal extract. 

(a) At end of 24 hrs.— No reaction. 

(b) " " "48 " Fibrin shriveled. 

(c) " " " 72 " No digestion. 

(d) " " " 96 " No reaction for digestion. 
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2. Extract with 5 cc. 1%HC1. 

No change in fibrin could be noted at end of 96 hours, and 
the filtered liquid gave only a slight biuret test for proteids. 

3. Extract with 5 cc. 1% NasCOg. 

No reaction for proteids at the end of 96 hours. 

4. Extract heated to 80° C. 

No digestion of fibrin could be noted. 

The above data indicate that the greatest amount of fibrin 
is digested in a weak acid solution and at the higher tem- 
perature. No loss of weight of the fibrin was obtained with 
alkaline, heated and root tissue extracts. 

Experiment IV 

An aqueous extract of alder tubercles was used to deter- 
mine the amount of fibrin 50 cc. will digest in 24 hours at 
20° and 43° C. The fibrin was thoroughly dried before each 
weighing and then soaked in 1% HCL before it was used. 

At 20^ C. 



Extract. 


Original wt. 


After 24 hrs. 


Loss. 


1. Normal. 


.25 g. 


.249 g. 


.001 g. 


2. With 5 cc. HCl. (1%). 


.25'* 


.23 ** 


.02 '* 


3. With 5 cc. Na2C03 (1%). 


.25" 


.25 ** 


No loss. 


4. Heated to 80^ C. 


.25 ** 
At 43^ C. 


.25 ** 


No loss. 


1. Normal. 


.25 g. 


.217 g. 


.033 g. 


2. WithScc. HCl. (1%). 


.25** 


.115 *' 


.135 ** 


3. With 5 cc. Na2C03. 


.25 ** 


.249 ** 


.001 ** 


4. Heated to 80^ C. 


.25 ** 


.25 '* 


No loss. 



Experiment V. 

With extract from root tissue. 
At 20^ C. 



Extract. 


Original wt. 


After 24 hrs. 


Loss. 


1. Normal. 


.25 g. 


.25 g. 


None. 


2. With 5 cc. 1% HCl. 


.25 ** 


.25^* 


None. 


3. With 5 cc. 1% Na2C03. 


.25" 


.25 ** 


None. 


4. Heated to 80^ C. 


.25'* 


.25** 


None. 



Similar experiments were carried on with root extract at 
43° G.J but no loss of weight was obtained. 
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Experiment VI. 

With aqueous extract from Ceanotkus tubercles, .25 gram 
of fibrin was placed in 50 cc. of extract which was kept at 
33° C. A drop of chloroform was added as an antiseptic. 





Extract. 


At end of 7 hrs. 


After 24 hrs. 


1. 


Normal. 


Slight action— liquid 
becoming turbid. 


Some digested. 


2. 


With 5 cc. 1% HCl. 


Apparent digestive 


Fibrin becoming filled 






action. 


with bubbles. 


a 


With 5 cc. Na2C08. 


Liquid dark, fibrin 
contracted. 


No action on fibrin. 


4. 


Heated to 70'' C. 
The same extract. 


No action. 


A slight precipitate. 






At end of 48 hrs. 


After 72 hrs. 


1. 


Normal. 


Fibrin digested, 
liquid turbid. 


Half of fibrin digested. 


2. 


With 5 cc. 1% HCL 


One-half of fibrin 


Only a few small pieces 






digested. 


left. 


3. 


With5cc.l%Na2C08. 


. No digestion. 


No digestion. 


4. 


Heated to 70° C. 


No action. 


No action. 



After 48 hours of digestion some filtered liquid from each 
flask was tested for proteid. The solutions from 1 and 2 
gave good biuret tests, indicating further that normal and 
acid extract will digest fibrin. No proteid reaction could be 
obtained from 3 and 4, showing that the enzyme was de- 
stroyed under the conditions or else its action was inhibited. 
After six days all the fibrin in 1 and 2 was digested. 

Experiment VII. 



To 50 ccc. of dilute glycerin 
Ceanothus .25 gram of fibrin was 
form was added as an antiseptic. 

Extract. After 7 hrs. 

1. Normal. Liquid clear. 

2. With 5 cc. 1% HCl. No digestion. 

3. With5cc. l%Na2C08. No digestion. 

4. Heated to 80° C. No digestion. 

Judging from these results no 
fibrin is present in the root tissue 



extract of root tissue of 

added. A drop of chloro- 

Temperature was 23° 0. 



24 hrs. 
No digestion. 
No digestion. 
No digestion. 
No digestion. 



72 hrs. 
No digestion. 
No digestion. 
No digestion. 
No digestion. 



enzyme which will digest 
of Ceanothus. 
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Experiment VIII. 

To 50 cc. of dilute glycerin extract of Ceanothus tubercles 
.25 gram of fibrin was added. A drop of chloroform was 
added to each flask as an antiseptic. The temperature was 
22°-23° C. 

Extract. After 14 hrs. After 24 hrs. 

1. Normal. No action, fibrin No digestion. 

very loose. 

2. With 5 cc. 1% HCl. No digestion. Slight digestion. 

3. WithScc. l%Na2C03. No digestion. No change of fibrin. 

4. Heated to 80° C. A slight precipitate. No digestion. 

Extract. After 48 hrs. After 72 hrs. 

1. Normal. Some digestion. Considerable digestion. 

2. With 5 cc. 1% HCl. Liquid turbid. All digested. 

3. WithScc. l%Na2C0'3. No change of fibrin. No reaction. 

4. Heated to 80° C. No digestion. No reaction. 

Extract. After 96 hours. 

1. Normal. Only a few pieces undigested. 

2. With 5 cc. 1% HCl. All digested. 

3. With 5 cc. Na2C08. No reaction. 

4. Heated to 80° C. No reaction. 

Two other experiments with a similar extract were carried 
on at 33° and 43° C. At 33° 0. the results were similar to 
those which were obtained at 23° C, whereas at 43° C. the 
digestive activity was much slower. Hence the optimum 
temperature for the enzyme is lower than 43° 0. At 23° C. 
there is no perceptible digestive action during the first thirty- 
six hours, but following this period, the process goes on very 
rapidly and in the normal and acid extract the fibrin is 
readily digested. No fibrin was digested in the alkaline ex- 
tract or in that which was heated to 80° 0. Even 60° will 
stop the action of the enzyme. 

If my interpretation of the preceding data be correct 
there is present, in the tubercles of the alder and Ceanothus, 
an enzyme capable of digesting fibrin. The enzyme obtained 
from the Ceanothus tubercles is more active at a lower tem- 
perature than that from the alder which digests more readily 
at a higher temperature. The enzyme, however, is found 
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only in the tubercles, for experiments with root tissues show 
that it is not present in the normal root. 

The question still presents itself whether the enzyme is 
produced by the host cell or by the fungus. Judging from 
cytological data, the digesting of the fungus is an indication 
that the host cell produces an enzyme. The dissolving of the 
cell walls in the tubercles of Ceanothus presents a fact which 
indicates that the fungus also produces an enzyme. Thus 
there may be two enzymes present, one produced by the host 
cell and another by the fungus, for it is hardly probable 
that the host cell forms an enzyme which dissolves its own 
walls. Until a sufficient amount of pure culture of the 
fungus can be grown, it is impossible to decide whether the 
fungus secretes an enzyme or not, but the conditions are 
probably quite similar to those which Marshall Ward found 
in Botrytis, which produces cytase capable of dissolving the 
walls of the host cell. 

SUMMARY OF RESULTS. 

The Tubercles of Ceanothus. 
1. Judging" from the common occurrence of the tubercles, the infec- 
tion of this plant by the fungus is quite universal. 2. External in- 
fection probably takes place through a root hair or an epidermal cell 
from which the subsequent tubercle is formed. 3. The tubercle con- 
sists of three systems of tissues: the outer or corky layer; the 
inner, the vascular cylinder; and the middle or cortex, which contains 
the infected cells. 4. Internal infection occurs in the growing region 
and takes place by the fungus passing from cell to cell. 5. Three 
distinct stages of fungal development may be noted: the mycelia 
stage found in the host cell; the stage with the sporanges, which 
initiates the conditions for the digestive cell; and the last stage, 
where all but the walls of the mycelium are absorbed. 6. Because of 
infection, hypertrophied cells and nuclei are formed. The fungus 
dissolves the walls of the host cell. 7. The host nucleus increases in 
volume; with it, there is an increase of the nucleole and in the 
amount of chromatin. 8. Following the vesicular stage the cytoplasm 
and nucleus of the host cell are absorbed. Subsequent to this, the 
cell content of the fungus disappears. 9. Both the host cell and the 
fungus finally die and undissolved portions of the fungus remain in 
the cell. 10. Symbiosis exists, which is quite apparent in the early 
stage. 
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Elaeagnus, 

11. The tubercles are not found as abundantly as on Ceanothus, 
Regarding the form and structure, several resemblances can be noted. 
12. External and internal infection takes place as in Ceanothus, 13. 
The fungal mycelium differs from that of Ceanothus in being very 
narrow. It branches profusely, forms the vesicles, the content of 
which breaks up into several segments. The infected cell passes 
through various stages. The fungus is not entirely absorbed by the 
digestive cell. 14. The walls of the host cell are not broken down as 
a result of the fungal infection. 15. Hypertrophied cells and nuclei 
are formed, but the nucleo-cytoplasmic relationship is maintained in 
the infected cells. 16. No * ' Exkretkorperchen, ' ' such as Zach reports, 
can be found in the digested cells. 17. Both the host cells and the 
fungus die as a result of their previous relationship. 

Myrica, 
18. The tubercles and fungus of Myrica differ in many respects from 
those of Ceanothus and Elaeagnus, All species of Myrica possess 
tubercles. 19. The fungus confines itself to one or two layers of 
cells and internal infection takes place acropetally. No hypertrophy 
or symbiotic relationship exists. The fungus is best regarded as a 
parasite. 20. The unicellular hyphae of the fungus form branches 
which change to club-shaped structures in which no further differenti- 
ation takes place. 21. The fate of the host cell and fungus is similar 
to that in Ceanothus, 22. The form, structure and behavior of the 
fungus indicate that it belongs to the genus Actinomyces, 

Enzymes. 
23. In the tubercles of the alder and Ceanothus enzymes are pres- 
ent capable of digesting fibrin. Whether two enzymes are present, 
one produced by the host and another by the fungus, could not be 
determined without a pure culture of the fungus. 
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EXPLANATION OF PLATES. 

All of the figures were drawn with the aid of a camera 
lucida. A Leitz 1/12 oil immersion objective and ocular no. 
4, giving a magnification of 1350 diameters, were used for all 
except figures 1, 14, and 29, for which use was made of a no. 
3 objective and no. 1 ocular, giving a magnification of 85 
diameters. 

Plate 6. — ^A portion of a Ceanothu^ root with many young tubercles 
on the small lateral roots, above. Part of a Ceanothus root on which 
older tubercles are formed into loose clusters, below. 

Plate 7. — A large Elaeagnus root showing the dense mass of tuber- 
cles attached to it by a short branch, above. A portion of a root with 
large clusters, below. 

Plate 8.— rPart of a stem of Myrica cerifera showing the masses 
formed at the ends of short adventitious roots. 

Plates 9-10. — Ceanothus americanus, 1, Transverse section of a 
root tubercle of Ceanothus indicating the infected region and some of 
the fungal stages. 2, Cells of the meristematic region showing early 
stages of infection. One cell ^shows where a hypha is just entering. 
The cell wall between some of the cells is being dissolved. 3, An 
embryonic cell just infected showing the branched mycelium. 4, An 
older hypertrophied host cell with enlarged nucleus. The mycelium 
is much branched and entwined. No vesicles have yet been formed; 
portions of the cell walls are being dissolved. 5, 6, Nuclei of the 
fungus set forth by the haematoxylin stain. The hyphal walls are 
difficult to diffeirentiate. 7, A stage where the sporanges are formed 
at the end of the hyphal branches. Infection of adjoining cells is also 
shown. 8, Hypertrophied nuclei of the host cell differing from the 
following. 9, Nuclei of digestive cells similar to the one shown in 
f. 7. 10, Young sporanges showing their content. 11, Older and 
mature vesicles with a single nucleus. 12, Sporanges burst open, the 
content has disappeared. 13, A cell showing the last stage of the 
fungus where all but the walls of the mycelium is absorbed. 

Plates 10-12. — Elaeagnus argentea, 14, Cross section showing the 
infected region of the tubercle and its various tissues. The large 
dense cells contain the fungus in the vesicular stage, — other cells 
show younger stages. 15, Two uninfected cells showing nucleus, 
large starch grains and fine granular cytoplasm. 16, An infected cell 
showing hypertrophied nucleus, the mass of mycelial threads and the 
mode of infection. 17, 18, Infected cells where the hyphae pass 
through the cell wall into adjoining cells. 19, A large hypertrophied 
cell with an amoeboid nucleus. The fungus has the sporanges, in 
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which the content is broken up into parts. 20, 21, The same vesicles 
drawn on a larger scale. 22, A stage where the fungus is partially- 
destroyed, the walls of the vesicle and hyphae remaining. 23, A 
host cell which has collapsed in which the remains of the fungus are 
still present. 24, Nuclei of the host cell before they become amoeboid 
in form. 25, Stages of nuclei found in the digestive cells. 26, Very 
late stages of degeneration of nuclei just before their final disappear- 
ance. 

Plates 13, 14. — Myrica cerifera, 28, Life-sized tubercles as they 
are found in the clusters. 29, A longitudinal section of a tubercle 
showing the infected region and the various tissues of the tubercle. 
30, Several uninfected cells showing the cell content. 31, Cells indi- 
cating the method by which internal infection takes place. 32, Cells 
showing the large number of hyphae which pass through the walls to 
infect the cell. 33, Several cells of the infected region showing 
young and old stages of the fungus where the branches of the hyphae 
have enlarged into club-shaped structures. 34, A portion of mycelial 
thread showing the nuclei. 35, The club-shaped ends of the hyphae. 
36, The same but older structures where the nuclei have passed into 
them from the mycelium. 37, A stage where the host cell and the 
nucleus begin to disintegrate. The fungus also shows similar stages, 
38, Several degenerating nuclei found in host cells. 
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ELAEAGNUS. 
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MYRICA. 
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Plate 10. 
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CEANOTHUS AND ELAEAGNUS. 
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Plate 11. 
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Plate 12. 
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